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ABSTRACT : 

PURPOSE: To obtain an electrode capable of keeping a stable 
activity over a 

long period of time by using a polarizable electrode made of 
activated charcoal — 
containing specific amounts of Fe, Cr, Ni, Na, K and Cl and having' an 
ash j 
component not greater than 0.5% as an impurity. I 

CONSTITUTION: In an electric double-layer capacitor using an 
electric 

double- layer formed in an interface between a polarizable electrode 
and an 

electrolytic solution, a polarizable electrode containing Fe (not 
greater than 
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200ppm) , Cr (not greater than lOppm) , Ni (not greater than lOppm) , Na 
(not 

greater than 20 0ppm) , k (not greater than 200ppm) , and CI (not 
greater than 

300ppm) as an .impurity and having an ash component not greater than 
0,5% is 

used. For activated charcoal used for polarizable electrodes, woody 
phenol 

resin as a material or the activated charcoal powders mixed with an 
electrolytic solution and formed into paste for an electrode 
containing pitch 

■resin may be used for electrodes. However, for an electrode 
excellent in size 

per volume and having mechanical strength, an electrode for which 
act ivated 

charcoal is formed into a sheet by using a binding agent, such as 
polytetraf luoroethlene, having resistance against chemicals, can be 
cited. 
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SPECIFICATION 

1. Title of the Invention 

ELECTRIC DOUBLE LAYER CAPACITOR 

2 . Claims 

1. With respect to an electric double layer capacitor that uses 
electric double layers formed on the boundary between a polarizable 
electrode and an electrolyte, an electric double layer capacitor 
characterized by utilizing a polarizable electrode that contains as 
impurities 2 00ppm or less of Fe, lOppm or less of Cr, lOppm or less of 
Ni, 200ppm or less of Na, 200ppm or less of K, and 300ppm or less of Cl 
and that contains 0.5% or less of an ash content. 

2 . An electric double layer capacitor of Claim 1 in which the activated 
carbon is carbon made of palm-kernel shells . 

3. An electric double layer capacitor of Claim 1 or 2 in which the 
specific surface area of the activated .carbon is between 1500 and 1900m2/g, 
in which the average pore diameter is between 13 and 2oA, in which the 
total pore volume is between 0.6 and 0.9mi/g, and in which the volume 
of the pores that are at least 20A in diameter is between 3 0 and 50% of 
the total pore volume. 

4. An electric double layer capacitor of Claim 1 in which' the 
electrolyte is an electrolytic solution of a nonaqueous medium type. 

5 . An electric double layer capacitor of Claim 1 in which the 
electrolyte is an electrolytic solution of an aqueous ' solution type. 
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3 . Detailed Explanation of the Invention 
[Industrial Field of Application] 

The present invention relates to an electric double layer capacitor. 
[Related Art] 

As polarizable electrodes conventionally utilized as electric double 
layer capacitors, various materials such as activated carbon and activated 
carbon fiber can be mentioned. 

As an example in which activated carbon is utilised, an electrode 
used in the form of a paste obtained by combining activated carbon powder 
and electrolyte has been suggested (Kokoku No. 55-41015) . 
[Problems that the Invention is to Solve] 

However, the specific surface area of such activated carbon utilized 
as a paste electrode is 1500m 2 /g or less, and the capacitor equipped with 
such electrode does not necessary have a sufficient capacity per unit 
volume. Moreover, an activated carbon manufacturing process normally 
consists of a process in which the raw material is carbonated and activated 
and a process in which it is pulverized, and for the carbonation and 
activation of the raw material, a chemical activation or gas activation 
method is often utilized- Therefore, the activation needs to be carried 
out at a high temperature for a long time in order to obtain activated 
carbon having a large specific area. For this reason, there is a problem 
in that the heavy metal content of the reaction container blends with 
the activated carbon powder during the reaction process and causes the 
purity of the obtained activated carbon to decrease . Moreover, impurities, 
such as metal, often blend with the activated carbon during the pulverizing 
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process. For this reason, a conventional electric double layer capacitor 
has a problem in that the activated carbon forming the polarizable 
electrode contains many impurities and in that the long-term reliability 
of the capacitor becomes spoiled by the metal or other impurities being 
eluted out into the electrolyte and causing an electrochemical reaction 
in a particularly-high-temperature load condition. 
[Means for Solving the Problems] 

As a result of conducting various studies in order to solve these 
problems, the present inventors discovered that it is possible to obtain 
an electrode capable of retaining stable activation for a long time by 
specifying the allowable amount of said impurities rather than resolving 
the adverse effects by combining other components to the activated carbon. 
Thus, they found out that the purpose of the present invention could be 
achieved. 

With respect to an electric double layer capacitor that uses electric 
double layers formed on the boundary between a polarizable electrode and 
an electrolyte, the present invention supplies an electric double layer 
capacitor characterized by utilizing a polarizable electrode that contains 
as impurities 200ppm or less of Fe, lOppm or less of Cr, IDppm or less 
of Ni, 200ppm or less of Na, 200ppm or less of K, and 300ppm or less of 
CI and that contains 0.5% or less of an ash content. 

Examples of the raw material of the activated carbon used for the 
polarizable electrode in this invention include a ligneous phenol resin, 
such as sawdust, and a pitch resin. However, it is difficult to achieve 
a large specific area of at least 1500m 2 /g with the former, and its impurity 
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content is also high. As for the latter, it is easy to increase the specific 
area, but there is a shortcoming in that the cost becomes extremely high. 
Therefore, as a raw material free of these shortcomings, it is most 
desirable to use palm-kernel shells. 

The amounts of impurities contained in the activated carbon of the 
present invention obtained from palm-kernel shells as the raw material 
are. 200ppm or less, preferably lOOppm or less, of Fe, lOppm or less, 
preferably 5ppm or less, of Ni and Cr, 200ppm or less, preferably 150ppm 
or less, of Na, 20 0ppm or less, preferably 10 Oppm or less , of K, and 3 0 0ppm 
or less, preferably 10 Oppm or less, of Cl, and the ash content should 
be 0.5% or less, preferably 0.4% or less. The impurity contents of the 
activated carbon should not deviate from the above ranges since such 
deviation will severely compromise the long-term reliability. 

' „As for the physical properties of the activated carbon, the specific 
surface area should be between 150 0 and 1900m 2 /g, preferably between 1650 
and 1850m 2 /g. 

Obtaining activated carbon having a specific surface area larger 
than this will lower the yield and is therefore not practical. Moreover, 
it is appropriate to use one in which the average pore diameter is between 
13 and 2oA, preferably between 14 and 19A, in which the total pore volume 
is between 0.6 and 0.9ml/g, preferably between 0.65 and 0.8m2/g, and in 
which the volume of the pores that are at least 2oA in diameter is between 
3 0 and 5 0%, preferably between 3 5 and 45%, of the total pore volume. 

As the electrode Used in this invention, it is possible to utilize 
it in the form of a paste obtained by combining the activated carbon powder 
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with an electrolyte. However, an example of an electrode that has even 
more preferable capacity per unit volume and mechanical strength is 'an 
electrode obtained by converting the activated carbon powder into a sheet 
by using a binder having excellent chemical resistance such as 
polytetrafluoroethylene (henceforth PTFE) . Such sheet electrode can be 
preferably obtained by first combining 1-50 weight %, more preferably 
5 - 30 weight%, of PTFE with the activated carbon powder, by then molding 
the obtained viscous mixture into a sheet shape by means of compression, 
extrusion, rolling, or the combination of these means. 

As necessary, this sheet-like molded article is further drawn 
monoaxially or biaxially. This drawing is carried out by a commonly known 
method (e.g. Kokai No . 59 -166541) at 20 ~ 380°C, preferably 20 ~ 200°C, 
in a manner such that it becomes 1.1 ~ 5.0 times longer, preferably 1.2 
- 2.0 times longer, than the original length. The thus-obtained drawn 
article can be utilized as it is, but if necessary, it becomes further 
rolled or compressed by means of a roll or a press and then becomes baked 
or semi -baked before being used. 

The electrolyte used in the present invention in combination with 
the polarizable electrode composed of active carbon is not particularly 
specified, and one that is usable as an electric double layer capacitor, 
in other words, an electrolyte of a nonaqueous medium type or aqueous 
solution type is utilized appropriately. 

As a nonaqueous -medium- type electrolytic solution used in the 
invention in combination with the polarizable electrode composed of active 
carbon, it is possible to use one that is obtained by dissolving about 
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0.3 - 1.5M/1 of a solute, such as the tetraalkyl ammonium salt, tetraalkyl 
phosphonium salt, or amine salt of perchloric acid, hexaf luorophosphoric 
acid, tetrafluoroboric acid, peralkyl sulfonic acid, 

trifluoromethanesulfonic acid, etc., with a polar organic solvent, such 
as propylene carbonate, y-butyro lac tone , acetonitrile, dimethyl formamide, 
1,2-dimethoxye thane, sulfolane, nitromethane , etc. 

As an aqueous electrolyte used in combination with a polarizable 
electrode composed of activated carbon, one that contains an inorganic 
acid, inorganic base, or inorganic salt as a medium is appropriate. As 
the solute (electrolyte) used for such electrolytic solution, the 
following examples can be suitably utilized: acids such as sulfuric acid, 
tetrafluoroboric acid, nitric acid, etc.; bases such as potassium 
hydroxide, sodium hydroxide, calcium hydroxide, and ammonium hydroxide; 
chlorides such as potassium chloride, sodium chloride, calcium chloride, 
and ammonium chloride; and carbonates such as potassium carbonate, sodium 
carbonate, calcium carbonate, and ammonium carbonate. From among these 
electrolytes, sulfuric acid, tetrafluoroboric acid, potassium hydroxide , 
and sodium hydroxide are particularly preferred since high degrees of 
conductivity can be obtained from them. 

The concentration of the aqueous -solution- type electrolytic solution 
can be appropriately selected in the range between 10 and 9 0 weight% . 
In general, if the concentration is 90 weight% or higher, there is a problem 
in that the solute becomes deposited in a cold environment, and a 
concentration of 10 weight% or less is not preferred since the conductivity 
becomes low and the interval resistance of the capacitor increases. 
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By sandwiching a porous separator between electrodes obtained by- 
processing and forming the above -described sheet-like article in 
accordance with the shape of the capacitor and by sealing them in a case 
after impregnating them or filling them with the above -mentioned 
electrolytic solution, an electric double layer capacitor of the present 
invention can be obtained. 

As the porous separator, nonwoven fabric of polypropylene fiber, 
nonwoven fabric mixed with glass fiber, etc . can be utilized appropriately. 
Moreover, the appropriate thickness of the separator is between 50 and 
2 00/jm, particularly between 100 and 150Mm. 

Moreover, the method for collecting the electricity from the 
polarizable electrode used in the invention is not particularly specified, 
and a conventional, commonly known method can be utilized. For example, 
it .is possible to weld a metal net onto a metal case and pressure-bond 
the electrodes to it or to form a metallic power collector on the electrodes 
by means of plasma spraying, plating, etc. or by adhering it by using 
a conductive adhesive. 

As a conductive adhesive used in the present invention, a high-purity 
high-lead type that hardly contains a binder is preferred, although it 
is permissible to utilize a graphite or carbon black type conductive 
adhesive containing a resin binder of phenol or an inorganic binder of 
water glass. 

[Embodiments of the Invention] 

In the following, embodiments of the invention and comparative 
examples will be explained concretely by referring to drawings. 
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2 00 weight parts of water were combined with 10 0 weight parts of 
a powder mixture consisting of 70 weight% of each type of the activated 
carbon indicated in Table 1, 2 0 weight% of carbon black, and 10 weight% 
of PTFE (grain size = 0.3^m), and the mixture was blended in a V-shaped 
blender. The mixture obtained in the form of a paste was rolled by means 
of a roll forming machine, and a 1 . 1mm- thick sheet was obtained. After 
preheating this sheet to 300 'C, it was monoaxially drawn by the 
magnification of 110%. As a result, a 0.6mm- thick sheet-like electrode 
material was obtained. 

By using this sheet -1 ike electrode material, a unit cell (diameter 
= 20mm, thickness = 2.0mm) of a coin-type electric double layer capacitor 
illustrated in Figure 1 was made by the following procedure. 

The above sheet -like electrode material was punched out into 
disk-shaped pieces as polarizable electrodes, [1] and [2] (diameter = 
15mm, thickness = 0.6mm), and these polarizable electrodes, [1] and [2], 
were placed inside an external container, which was composed of a 
.stainless-steel cap [4] and a stainless -steel can [5] , with a separator 
consisting of nonwoven fabric of polypropylene fiber disposed between 
them. Next a predetermined electrolytic solution (In Embodiment 1 and 
2 and Comparative Example 1, the solutions were tetrabutyl phosphonium 
tetraf luoroborate dissolved in propylene carbonate at a concentration 
of 1.0M/1; and in Embodiment 3 and 4 and Comparative Example 2, the 
solutions were aqueous solutions containing 3 0% of sulfuric acid) was 
injected into the unit cell, and the polarizable electrodes, [1] and [2] , 
and the separator [3] were fully impregnated with this electrolytic 


solution. Then, the article was sealed by crimping the end parts of the 
cap [4] and the can [5] by using a polypropylene packing [6] - 

Each of the unit cells of electric double layer capacitors prepared 
in the above manner was charged at a constant voltage (2.8V in Embodiment 
1 and 2 and Comparative Example 1; 0.9V in Embodiment 3 and 4 and Comparative 
Example 2) for 30 minutes at 20 "C. Then, by discharging a constant current 
of 1mA, the time it took until the voltage between the terminals reached 
0V during the discharge was measured, and the initial capacity (P) was 
then calculated. Moreover, the internal resistance was also measured by 
an AC two-terminal method (frequency = 1kHz) . Next, a voltage (2.8V in 
Embodiment 1 and 2 and Comparative Example 1; 0.9V in Embodiment 3 and 
4 and Comparative Example 2) was applied continually to the above cell 
at 70 "C for 1000 hours, and the capacity was then measured in the same 
manner. It was then compared with the initial value to calculate the 
capacity degradation (%) . The results are indicated in Table 1. 
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Table 1 


Item 

No. 

Electrolytic 
Solution 

Ash 

Content 

Impurity Contents (ppm) 







Embodiments 

X 

Nonaqueous 
Solution 








2 









3 

Aqueous 
Solution 








4 









Comparative 
Examples 

1 

Aqueous 
Solution 








2 

Aqueous 
Solution 









Table 1 (cont'd) 


Key: 


Capacitor Properties 

Initial Value 

After 100 0 hours 

Internal Resistance 
(CI) 

Capacity (F) 

Internal Resistance 
(£5) 

Capacity Degradation 
(%) 
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[Effects of the Invention] 

As explained earlier, according to the present invention, it is 
possible to obtain an electric double layer capacitor that has a low 
capacity degradation percentage and only a small increase in the internal 
resistance at high temperatures and that therefore remains reliable for 
a long time. 

4. Brief Explanation of the Drawing 

Figure 1 is a partial cross -sectional drawing illustrating one 
embodiment of an electric double layer capacitor of the present invention. 

[1] , [2] = polarizable electrode 

[3] = separator 

[4] = cap 

[5] = can 

[6] = packing 


Figure 1 
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